even when estimated using comparable methods. Both country-(contextual) and individual-level factors may contribute to this variation but the extent to which they influence this variability has not been adequately examined. At the country level, it has been suggested that income inequality may directly predispose individuals to poorer mental health, 7 but the supporting evidence is limited and inconsistent. [7] [8] [9] [10] [11] [12] [13] [14] At the individual level, different socioeconomic measures have yielded varying relationships with depression. 3, 15, 16 Due to a relative lack of studies from low-and middle-income countries, findings from richer countries are often extrapolated to other parts of the world. Such generalisations may be misleading, particularly if the determinants of depression vary across different regions of the world. Cross-national studies using comparable methods are therefore essential for a better understanding of the contextual and individual correlates of depression. Using data from representative samples from 53 countries participating in the World Health Organization (WHO) World Health Surveys (WHS), we aimed to: (a) estimate variations in the prevalence of depression across countries, (b) quantify the relative importance of contextual-and individuallevel factors in this variation, and (c) study the relationship between specific contextual (income inequalities and absolute income) and individual (spending, assets, education and occupation) socioeconomic characteristics with depression.
Method The World Health Surveys
The WHS were carried out by the WHO in [2002] [2003] in countries sampled to represent all regions of the world. 1, 17, 18 The aim of the surveys was to allow worldwide comparisons of health outcomes using valid, reliable and comparable methods. The survey tools and questionnaires were developed by WHO and piloted in 12 countries before the main surveys. 18 The WHS team undertook intensive consultation with participating countries, international experts and regional advisors to ensure high-quality surveys in accordance with explicit operational criteria and quality standards in the WHS Quality Assurance Standards and Guidelines. 18 Standardised WHO protocols were used to translate the survey instruments into local languages, which included back translation. The WHO regional centres organised training courses for participating countries. Survey teams in individual countries implemented the sampling and the survey. Sample sizes between 1000 and 10 000 were recommended but this varied in individual countries according to feasibility and needs. In each participating country, a stratified random, probabilistic sampling design was used, and samples were representative of the population 518 years, including people in institutions. 18 The surveys were completed in 70 countries (online Table DS1 ). A multistage cluster design was used in all countries except Australia, China, Comoros, Congo, Cote d'Ivorie, Croatia, India and Russia. Face-to-face interviews (in Luxembourg and Israel the mode of administration was by telephone interviews)
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Background
The prevalence and correlates of depression vary across countries. Contextual factors such as country-level income or income inequalities have been hypothesised to contribute to these differences.
Aims
To investigate associations of depression with socioeconomic factors at the country level (income inequality, gross national income) and individual (education, employment, assets and spending) level, and to investigate their relative contribution in explaining the cross-national variation in the prevalence of depression.
Method
Multilevel study using interview data of 187 496 individuals from 53 countries participating in the World Health Organization World Health Surveys.
were conducted after informed consent from participants. The individual response rates, representing the ratio of completed interviews in selected respondents, excluding ineligible respondents from the denominator, ranged between 63% in Israel and 99% in the Philippines, 1 and is estimated to be 98.5% for the surveys as a whole. 17 We used data from 53 countries that had information on all key variables of interest (see Table DS1 for reasons for exclusion). These comprised 16 low-income, 13 middle-lowerincome, 12 middle-upper-income and 12 high-income countries according to World Bank criteria (Fig. 1) . Detailed information about the WHS, including the survey tools, sampling guidelines and procedures, and country by country statistics, is available elsewhere (www.who.int/healthinfo/survey/en/).
Assessment of depression
Questions based on the WHO World Mental Health Survey version of the Composite International Diagnostic Interview were administered, 19 and validated algorithms used to derive a diagnosis of a depressive episode based on the ICD-10. 20 The presence of four depressive symptoms lasting 2 weeks for most or all of the day was required for a diagnosis of a depressive episode. At least two of three core symptoms -depressed mood, loss of interest and fatigability -needed to be present. Other symptoms included loss of appetite and slowing down in thinking.
Contextual (country-level) measures

Gross national income
We used data from the World Bank (http://data.worldbank.org/ indicator) to compile the 2002 gross national income (GNI) per capita for each country in US$, adjusted according to purchasing power parity (PPP). Purchasing power parity is a rate of exchange that accounts for price differences across countries allowing international comparisons. The GNI measures the total value produced in the country, plus income from other sources, less similar payments made to other countries. 21 In our data, this varied from US$500 in Ethiopia to US$47 730 in Luxembourg. We log-transformed this variable for analysis in an attempt to linearise its relationship with depression. 22 
Income inequality
We used the GINI index, the most widely used measure of country-level income inequality, which reflects the extent to which the distribution of income among individuals or households within a country deviates from a perfect distribution. We obtained the GINI index values for each country closest to the year 2002 from the World Bank website (http://data.worldbank.org/ indicator), except for Mauritius for which we obtained data from the World Inequalities Database (www.wider.unu.edu/research/ Database/en_GB/database); GINI coefficients were expressed on the percentile scale (0 representing total equality and 100 representing maximal inequality). In the data these ranged from 25.00 in Sweden to 74.33 in Namibia.
Individual-level measures
Household spending
Participants were asked to estimate their total household expenditure in the previous month in local currency. This was followed by questions related to expenditure in specific areas including food, housing and healthcare, among other expenditure. A previous analysis of the WHS has shown the aggregate of the expenditures reported in these areas to be consistent with the total reported household expenditure. 23 We divided the total monthly household expenditure by the number of individuals in the household to calculate monthly per-capita household spending. For analysis, we divided individuals into quintiles of household spending for each country, eliminating the need to transform the local currency into an internationally comparable currency such as US$ adjusted for PPP.
Material assets index
We derived this index using responses regarding ownership of any of nine assets in the household (television, washing machine, dishwasher, mobile telephone, fixed telephone, computer, refrigerator, bicycle and car) and the level of household crowding (number of residents/room). We calculated probabilities of a household having each of the above assets and the mean level of crowding for each specific country. The material assets index reflects a country-specific standardised score for each household, reflecting the sum of the complements of the probability of having each asset and mean level of household crowding in the context of the country. We were therefore able to differentiate between material assets and spending, variables that have been combined in previous studies to create indexes of permanent income.
1,17,24
Education
We used the reported number of years of completed education as a categorical variable representing 58, 8-12 and 412 years of education.
Occupation
We coded respondents into three categories: higher-level professionals/managers, other manual and non-manual workers, and those not working for pay.
Other demographic variables
These included age, gender and marital status (currently married or cohabiting, separated or divorced, never married and widowed) and area of residence (urban or rural).
Analysis
We first estimated the weighted prevalence of depression in each country, taking into account the sampling design. We drew forest plots to visually examine the variation in prevalence of depression across countries. We also calculated summary estimates of the prevalence of depression for countries grouped according to levels of economic development (low income, middle-lower income, middle-upper income and high income, available at: http://data. worldbank.org/about/country-classifications/country-and-lendinggroups). We then used multilevel methods to assess the proportion of the variance in the prevalence of depression attributable to country-and individual-level factors using MLWin 2.24 (Centre for Multilevel Modelling, University of Bristol, Bristol, UK, www.bris.ac.uk/cmm/software/mlwin/) on Windows. We obtained variance partitioning coefficients (VPC) using the 'latent variable method', in which the individual's risk of depression follows a logistic distribution, with individual-level variance equal to 3.29. 25, 26 Variance partitioning coefficients quantify the amount of country-level variance over the total model variance. We also calculated median odds ratios (MORs) defined as 'the median value of the odds ratio between the country at highest risk and the country at lowest risk when randomly picking out two countries' with their 95% confidence intervals. 26 The MOR represents the median increase in risk of depression if an individual moved to another country with a higher risk. 26 Both VPCs and MORs help to understand the importance of country-level factors, but the VPCs may vary depending on the prevalence of the outcome. The VPCs and MORs were calculated for: (a) empty multilevel model; (b) multilevel model adjusted for individual-level variables (i.e. age, gender, marital status, area type, household spending, assets index, education and occupation); and (c) separate crude and adjusted (for individual-level variables) multilevel models with country-level variables (GINI index and GNI).
To study the determinants of depression, we calculated odds ratios (ORs) and 95% confidence intervals through two-level logistic regression models in MLWin using restricted iterative generalised least squares (RIGLS) estimation with predictive quasi-likelihood (PQL) 2nd order Taylor series expansion. 27 We adjusted for all the individual-and country-level variables to arrive at our final model. To investigate whether associations followed similar patterns in countries with different economic development, we repeated all analyses after grouping the countries into high-, upper-middle-, lower-middle-, and low-income countries.
Finally, we tested for cross-level interactions to assess variations by country-level income (GNI) and income inequality (GINI index) in the relations between depression and individual characteristics by including multiplicative interaction terms in the regression models.
For all main analysis presented here, the sample included individuals with complete data on all the variables. We repeated the analysis on larger data-sets, including all available data to check for the possibility of any biases due to missing data. Since weighted analyses for discrete response models in MLWin are considered experimental, we did not use weights for the multilevel models. In sensitivity analysis we (a) compared the prevalence estimates of depression with and without weights; (b) repeated the regression estimations including the countries without probability weights, raising the database to 61 countries; and (c) repeated the analyses using available weights, but instead of using the random effect of countries in the intercept, we included dummy variables for each country. In these analyses we also compared the results excluding countries in which the prevalence of depression could be considered as an outlier.
Results
Complete data were available for 187 496 individuals residing in 53 countries.
Variation in the prevalence of depression across the countries
The prevalence of depression ranged from 0.4% in Vietnam to 15.7% in Morocco. However, the mean estimates of depression prevalence for countries grouped according to economic development were similar, ranging from 6.0% in low-income countries to 7.6% in upper-middle-income countries, with some possible outliers in each group (Fig. 1) .
The empty model on the pooled sample found that 13.5% (MOR = 1.98) of the total variance in the prevalence of depression was explained at the country level and over 85% at the individual level (Table 1) . These estimates did not change when the individual-level variables were added to the model. When countries were grouped according to economic development, the results showed that the percentage of variance explained at country level increased progressively as level of economic development decreased (from 5.5% in high-income to 22.4% in low-income countries, Table 1 ). However, the confidence intervals of the MORs reflecting this finding overlapped.
Determinants of depression
Country-level absolute income (GNI) and income inequality (GINI index)
There were no associations of depression with country-level absolute income (adjusted OR = 1.10, 95% CI 0.93-1.30) or income inequality (OR = 1.00, 95% CI 0.98-1.02). These results were consistent across all groups of countries, including high-income countries. (Table 2 ).
Individual-level variables
Among demographic variables, female gender, being divorced or widowed were associated with higher odds of depression in the pooled sample. Individuals with less than 8 years of education (OR = 1.52, 95% CI 1.40-1.64) were more likely, and those with a higher material assets index (OR = 0.87, 95% CI 0.85-0.89) less likely to be depressed. The household per-capita spending was not associated with depression in the crude model, but in adjusted models individuals reporting higher spending were more likely to be depressed. People not working for pay also had higher odds of depression (Table 3) .
Results of repeating analyses in countries grouped by economic development are presented in Table 4 . The associations between age, female gender and marital status with depression were robust across country groups. Noticeably the relationship between female gender and depression became stronger with increasing economic development of countries. A lower education had an association of a similar magnitude with depression across high-, middle-and low-income countries. A higher material assets index was inversely associated with depression, but the strength of the associations differed between country groups in a non-linear pattern. The direct association of increasing per-capita household spending with depression was also observed in all country groups. Finally, economically inactive people showed higher odds of depression in all country groups except low-income countries.
Cross-level interactions
We did not find evidence of interactions at the 5% significance level between contextual-and individual-level variables except a significant cross-level interaction (P50.001) between the GNI of countries and gender (Fig. 2) . In women, the prevalence of depression across countries increased almost twofold with increasing GNI, whereas this remained constant in men.
Sensitivity analysis
In sensitivity analyses we removed three countries (Morocco, Portugal and Brazil) that had a much higher prevalence of depression, and three countries (China, Vietnam and Laos) that had a much lower prevalence of depression than countries in their respective groups (Fig. 1) , and this led to no significant changes in the regional estimates of depression. The removal of countries with the lowest prevalence estimates of depression led to, as expected, some attenuation in the variability of depression at the country level (the country-level VPC dropped from 13.5 to 9.2%), although the trends observed were largely similar and the associations of depression with both contextual and individual determinants of depression were essentially unaltered. We also repeated the analyses including the countries with missing probability weights, raising the database to 61 countries. Results remained almost identical, but we observed a weak but marginally significant relationship between income inequality and depression in high-income countries (OR = 1.04, 95% CI 1.00-1.09, online Table DS2 ). This relationship lost conventional statistical significance on exclusion of Portugal, an outlier with an unusually high prevalence of depression (OR = 1.03, 95% CI 0.98-1.07). All other results remained largely unaltered including the prevalence estimates (Table DS1 ) and determinants of depression in other sensitivity analyses.
Discussion
In this large, multilevel study of 187 496 individuals from 53 countries, the prevalence of depression varied substantially, ranging from 0.4 to 15.7%. Individual-level factors explained most of this variance, but there was also a reasonable amount of variation in the prevalence of depression at the country level (13.5%). Interestingly, the importance of contextual (countrylevel) factors appeared to increase with decreasing economic development of countries, although the statistical significance of this trend could not be established. We found little evidence to suggest that country-level income inequality or GNI were important determinants of depression. At the individual level, female gender, being separated, divorced or widowed, fewer years of education or material assets were important determinants of depression. The prevalence of depression in women increased with rising GNI of countries, whereas this remained constant in men.
Depression prevalence: relative contribution of contextual and individual factors
Previous cross-national comparisons have also found marked differences in prevalence of depression across countries. 3, 4, 6, 28 Some authors suggest that these findings may be explained by varying thresholds of clinically relevant symptoms in different cultural contexts. 4 However, systematic attempts to test this theory have not found it to be an adequate explanation. 3 Another plausible explanation is that there are differences in how people respond to questions related to mental health. This was highlighted in two mental health surveys in China, which found contrasting results using different instruments and data-collection methods. 5, 29 It is also possible that these results may represent true differences in the prevalence of depression across countries.
We quantified the relative contribution of contextual-(country) and individual-level factors in explaining this variation, and found that most of it could be attributed to individual-level factors. However, country-level factors also played a noticeable role, with their importance appearing to be increasing with decreasing economic development of countries. Considering the number of countries in each group were relatively few, the relatively wide and overlapping confidence intervals of the corresponding MORs may reflect insufficient statistical power and the statistical significance of this trend could not be established. Nevertheless, the proportion of variance attributable to the country level is noteworthy because previous within-country studies have found that higher level factors such as neighbourhoods or areas of residence explain less than 5% of such variance.
13,30-32
Country-level income inequality and depression
We found no evidence suggesting that income inequality is a major determinant of depression ( Table 2 ). The proponents of the 'income inequalities hypothesis' 7 have published three analyses plotting the prevalence of psychiatric morbidity against country-level inequality measures in some high-income countries (with overlapping data), and reported significant correlations of psychiatric morbidity with income inequality. 7, 11, 33 The absence of individual-level data in these studies makes the results liable to imprecision and a wide variety of interpretations. 34 Since the authors have argued that ecological designs are appropriate for the study of inequality, we attempted to replicate their methodology (Fig. 3) but found no meaningful associations between income inequalities and depression. In our sensitivity analysis on the 61-country sample, there was weak evidence of a relationship between income inequality and depression in high-income countries, but this estimate was attenuated after removal of just one country, Portugal, an outlier within this group. This highlights how sensitive estimates from ecological studies can be to the inclusion or exclusion of countries from the analysis, an important issue that has also been illustrated by studies testing the relationship between income inequalities and other outcomes. 22, 35 Another study using the WHS data found no evidence of a relationship between country-level income inequality and depression in the overall sample. 14 However, the authors reported a significant association between income inequality and depression in countries with a high human development index (HDI), recommending policy changes to address the impact of inequality on depression. More caution may be warranted for a number of reasons. First, the 'significant' association reported was marginal (OR = 1.04, 95% CI 1.00-1.08) and, as we found, was lost on removal of a single country (Portugal) from the analysis. Second, the authors adjusted their results only for education, an important but not the only potential socioeconomic confounder of this association. Finally, the authors used the HDI, a composite indicator of development that has been criticised for changing formulae for calculation, and varying thresholds for classifying countries between low-, middle-and high-HDI countries. 36, 37 As we discuss below, composite indicators may limit the understanding of the contributions of the independent variables comprising it, leading to possible misinterpretations.
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A few other studies have also tested the income inequality hypothesis using individual-level data but in contextual units smaller than countries, with inconsistent results. Three studies 8, 9, 12 found no evidence of a relationship between income inequality and mental ill health. One study found a small association between income inequality and depressive symptoms, with analysis only adjusted for age and gender. 38 Two further studies found income inequality to be associated with poor mental health outcomes but in (contrasting) subgroups: new mothers belonging to the low-income group in the first 10 and among wealthier people in the other. 39 Therefore, the evidence to support an association between income inequality and mental disorders, such as depression, is weak and inconsistent.
Individual correlates of depression
As consistently reported previously, 3, 6 we found female gender and being divorced, separated or widowed to be associated with depression. Notably, we found the risk of depression among women, but not men, to increase with increasing GNI of countries. Women in high-income countries may be more likely to acknowledge symptoms of depression. However, it may also be possible that changes in traditional gender roles or taking up multiple roles may actually lead to a narrowing between the rates of depression in women and men. 40 Further research is required to clarify the reasons and mechanisms behind this finding.
Another common observation in the literature is that depression is more common in socially disadvantaged people. 41 However, associations of depression with various individual-level socioeconomic indicators has yielded inconsistent results. 15, 16, 41 Such inconsistencies have fuelled discussions that the various measures of socioeconomic status should not be used interchangeably, since they may convey distinct concepts, and have varying associations with mental health depending on the sociocultural setting. [42] [43] [44] The relevance of specific socioeconomic measures in particular societies may also be context dependent for other reasons. For example, the lack of assets included in our material assets index may reflect personal choice rather than socioeconomic circumstances for many individuals in highincome countries.
It has also been discussed in detail previously how different mechanisms may be at play in the relationship between the various socioeconomic measures and depression. 42 For instance, education may help to protect against depression by contributing to cognitive skills, attitudes and values shaping health-related behaviours; 16, 45 occupational class may measure prestige and power of individuals within society, and material assets may convey standard of living and access to services. [42] [43] [44] In our attempt to isolate the effect of material assets and household spending on depression, we found that greater material assets were protective against depression in all analyses; but that greater household spending was either not associated (crude 20  25  30  35  40  45  50  55  60   GINI   ----------------------6 6.5 7 7.5 8 8.5 9 9.5 10 Fig. 3 The prevalence of depression by country-level measures of income inequalities and absolute income. analysis) or related to an increased odds of depression (adjusted analysis). Notably, both assets and spending are equated with 'income' or 'wealth', and often combined to produce summary variables of 'permanent income'. For instance, a paper using the WHS data reported that 'income' was inversely associated with depression 17 using a composite measure of 'permanent income' derived by combining data on assets as well as expenditure among other variables. 24 Our findings suggest that material possessions and living conditions, rather than spending, drive such reported associations. Our findings also demonstrate how the use of summary variables may impede the understanding of underlying phenomena behind such associations and may explain the inconsistencies in the findings of previous literature using varying measures of 'income'. 3, 41 Nevertheless, the relationship between spending and depression in adjusted analysis is counterintuitive. Further analysis of this relationship revealed that people with the lowest education and assets who reported higher household spending were at the highest risk of depression, although tests for interactions were not statistically significant. One possibility is that such a relationship is mediated by incurred debt in people who spend more than they can afford. 46 The data available were insufficient to test specific mechanisms, but future research could explore the relative contribution and direction of the relationship of these measures with depression.
Strengths and limitations
An important strength of this study is the large sample using a consistent methodology specifically designed for cross-national comparisons. Depression was identified using a validated questionnaire embedded in a face-to-face interview, and various individual-level socioeconomic measures were available. We used multilevel methods, which are the most appropriate design to account for any country-level clustering of observations, and simultaneously study contextual and individual determinants of depression. Despite the use of comparable methods across the countries, it is possible that people in different countries may conceptualise and answer survey questions differently and therefore measurement biases both in the prevalence estimates of depression and its determinants cannot be ruled out. 28, 29 Furthermore, since we could not use probability weights in the multilevel regression models in MLWin, our regression analysis was conducted using unweighted data. This strategy is unlikely to have had any significant effects on our ORs and we found almost identical results in sensitivity analyses using probability weights to look at associations between the individual-level variables and depression in a single-level analysis. Although we focused on income and income inequality data at a country level, other unknown contextual factors may contribute to the unexplained variance. Also, the higher level unit of country may be too large to study contextual effects, but researchers have argued otherwise. 7 Finally, we did not have data on other intermediate levels such as households or neighbourhoods, so it is likely that their contribution towards the variance in depression is reflected in the individual-level estimates. It should be noted however, that the contribution of such intermediate levels in the variation of depression or common mental disorders has been relatively little (55%) in studies conducted in high-income countries. 13, [30] [31] [32] Implications Individual-level factors appeared to explain most of the crossnational variation in the prevalence of depression but countrylevel factors also made a contribution. The importance of these contextual factors appeared to increase with decreasing economic development of countries. This finding needs further attention, and may have implications for the transferability of mental health promotion strategies from high-to low-income settings. Neither national income, nor income inequalities explained much of this variation, and our findings do not support the relativist hypothesis of country-level income inequalities to be a major determinant of depression. On the contrary, we found more support for material explanations of depression, through associations with individual-level material assets. Our findings of the divergent relationship of assets and spending with depression emphasise that different socioeconomic measures are not interchangeable in their associations with depression.
